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Recent improvements in endoscopic imaging including narrow-band imaging (NBI) and magnification as well as raising awareness among endoscopists of superficial pharyngeal squamous cell carcinoma (SPSCC) have increased the detection of such lesions [1, 2] . ER for SPSCC is now being used more frequently since endoscopic mucosal resection (EMR) and endoscopic submucosal dissection (ESD) for gastrointestinal cancer have become established in clinical practice [3, 4] . Previously, most pharyngeal squamous cell carcinomas (SCC) were detected at advanced stages and treated by extensive surgical resection and chemoradiotherapy as standard treatment. These therapies frequently compromised taste, swallowing and speech function, resulting in a lower quality of life for the patients [5] . ER is a minimally invasive treatment preserving the organ and the patient's quality of life [6 -9] .
The indications for ER and the pathological criteria for curative resection are currently entrusted to the judgment of individual institutions. Clear guidelines to standardize current clinical practice are urgently needed. Pharyngeal SCC differs from other gastrointestinal cancers because the pharynx has no muscularis mucosae apart from in a hypopharyngeal area close to the entrance of the esophagus. Furthermore, the association between depth of invasion, lymphovascular infiltration, and lymph node metastasis (LNM) has not been assessed clearly in previous reports. There are no clinical Japanese guidelines for the endoscopic treatment of SPSCC mainly due to the structural difference between the pharynx and other digestive sites. Long-term outcomes including recurrence, metachronous lesions, and survival rate after ER for SPSCC have not yet been fully evaluated. In this study, we assessed the short-term and long-term outcomes of ER for SPSCC. Background and study aims: Early detection of superficial pharyngeal squamous cell carcinoma (SPSCC) using narrow-band imaging as well as the increasing use of ER for gastrointestinal cancers may increase the number of ER for SPSCC. The aims of this study were to clarify the feasibility of ER for SPSCC and its long-term outcomes. Patients and methods: In total, 84 patients with 115 lesions were treated by endoscopic mucosal resection (EMR) or endoscopic submucosal dissection (ESD) between March 2004 and August 2012. We retrospectively assessed the en bloc and R0 resection rates, complications, lymph node metastasis (LNM), local recurrence, metachronous pharyngeal and esophageal SCC, 5-year overall and cause-specific survival rates. Results: Higher proportions of en bloc and R0 resection were achieved with ESD compared to EMR (en bloc 100 % vs. 60 %, P < 0.001; R0 59 % vs. 26 %, P < 0.005). There were no significant complications in both groups. None of the patients died from primary SPSCC during the median follow-up of 34 months (range, 3 -115). LNM occurred in three patients and local recurrence was detected in seven patients (8.3 %) with eight lesions. Tumor thickness over 1000 μm (P < 0.005) and positive or inconclusive horizontal margins (P < 0.05) were significant risk factors for LNM and local recurrence, respectively. Twelve patients died because of co-existing clinical conditions. The 5-year overall and cause-specific survival rates were 80.7 % and 100 %, respectively. Conclusions: ER for SPSCC is a feasible treatment with promising results. Tumor thickness over 1000 μm is a significant risk factor for LNM and positive or inconclusive horizontal margin is a risk factor for local recurrence.
Patients and methods
!
We retrospectively assessed the short-term and long-term outcomes of all 84 consecutive patients with 115 lesions who underwent ER for SPSCC between March 2004 and August 2012 at the National Cancer Center Hospital in Tokyo, Japan. The institutional review board of our hospital approved this study and informed consent was obtained from all patients in accordance with our institutional protocol. Clinical outcomes were divided into ESD and EMR groups, including EMR with cap method and a strip biopsy. In terms of short-term outcomes, we assessed tumor size, technical results, procedure time, adverse events, length of hospitalization, and histopathological results. En bloc resection was defined as resection of the lesion in one piece as opposed to piecemeal resection defined as at least two pieces needed to achieve complete resection. R0 resection was defined as en bloc resection with tumor-free margins. Long-term outcomes included cause of death, LNM, local recurrence, metachronous pharyngeal and esophageal SCC, cumulative incidence of metachronous SPSCC, and the rates of overall and cause-specific survival after ER.
Indication for endoscopic treatment
There are no national guidelines for endoscopic treatment of SPSCC in Japan. In our hospital, indications for ER after the detection of SPSCC are (i) SCC or high grade intraepithelial neoplasia detected by biopsy including suspicion of the diagnosis; (ii) no highly protruding areas or ulceration beyond suspected minor invasion to the subepithelial layer; (iii) endoscopic diagnosis as a carcinoma in situ or a carcinoma with invasion to the subepithelial layer by conventional white light imaging and NBI with magnification; (iv) no findings of LNM and distant metastasis at computed tomography or ultrasonography. Patients with hypopharyngeal lesions involving the laryngeal cavity and/or with a high risk of stenosis owing to the wide resection were considered to be outside the criteria of this study.
Endoscopic procedures
All of the procedures were performed in collaboration with the HN surgeons. EMR was mainly performed until 2010, and then gradually replaced by ESD from 2011 onwards. Currently in our unit, EMR is indicated for small lesions (≤ 10 mm) located in the pyriform sinus of the hypopharynx or uvula of the oropharynx where the mucosal layer allows a good lifting by injection. ESD is usually performed for lesions located in other areas or more than 10 mm in size. Until 2009, some procedures were performed under intravenous anesthesia in the endoscopy room such as EMR for lesions located in the uvula of the oropharynx. Since 2010, all procedures have been performed under general anesthesia controlled by an anesthesiologist in the operating room. Patients were intubated and set in the supine position. The HN surgeon elevated the larynx using a curved laryngoscope to allow sufficient viewing area and working space in the pharynx. SPSCC was initially examined by white light imaging and NBI with magnification followed by chromoendoscopy with 2 % Lugol staining to detect the unstained area with clear margins. A mucosal lifting was achieved by injecting the diluted epinephrine with normal saline (1:200 000) and a minute amount of indigo-carmine dye. A transparent plastic cap (D-206-05; Olympus Medical Systems, Tokyo, Japan) was attached to the tip of the regular endoscope when EMR with cap method was performed. The lesion was suctioned into the cap and strangulated by the snare (SD-5U-1; Olympus). A double-channel endoscope (GIF-2T240; Olympus) was used to obtain a strip biopsy. A snare and grasping forceps were inserted through both channels and the lesion was strangulated by the snare after grasping. For ESD, marking dots were made around the lesion with a DualKnife™ (KD-650; Olympus). The DualKnife™ and insulation-tipped (IT) knife nano™ (KD-612; Olympus) were used for epithelial incision and subepithelial dissection. Immediate bleeding was treated using a hemostatic forceps (Coagrasper ® , FD-411 QR; Olympus).
Follow-up examinations
No additional treatment was performed after ER regardless of pathological results. After ER, patients were usually followed up by the HN surgeons because there were no clear pathological criteria of a curative resection for SPSCC owing to the lack of sufficient numbers of cases and relatively short history of this procedure. The standard follow-up included laryngoscope and cervical palpation to detect lymph node enlargement every 3 months during the first 2 years of follow-up. A cervical CT scan was carried out to detect LNM every 6 months in cases of lymphovascular infiltration and/or subepithelial invasion. Follow-up endoscopy was performed every 6 months to detect local recurrence and/or metachronous lesions.
Statistical analysis
All variables in this study were described in terms of mean, median, standard deviation, and range. Clinical outcomes were analyzed using the χ 2 test and Fisher's exact test, and P < 0.05 was considered statistically significant. Overall and cause-specific survival rates were calculated by the Kaplan-Meier method. We used SPSS version 17 software (SPSS Japan Inc., Tokyo, Japan) for statistical analysis.
Results
!
Patient characteristics and endoscopic findings
We included 84 consecutive patients (81 males and 3 females) with 115 lesions. Their mean age was 66.0 ± 7.1 years. Neither the patient nor the lesion characteristics differed significantly between ESD and EMR groups (• " Table 1 ). In total, 79 patients (94.0%) had a synchronous or previous history of esophageal or pharyngeal SCC. Among the 115 lesions, 24 were located in the oropharynx and 91 in the hypopharynx. According to the Japanese classification of esophageal cancer published by the Japan Esophageal Society, macroscopic types were as follows [10] : 0-I, 2 lesions; 0-IIa, 50 lesions; 0-IIb, 56 lesions; 0-IIc, 7 lesions. Median tumor size was 10 mm (range, 2 -40).
Technical results and complications of endoscopic treatments
• " Table 2 shows the details of ER procedures. ESD (• " Fig. 1 ) and EMR were performed in 22 and 93 cases, respectively, and the median tumor size was 13 mm (5 -32) and 11 mm (2 -40) for ESD and EMR, respectively (P = 0.54). Higher proportions of en bloc and R0 resection were achieved during ESD when compared to EMR (en bloc 100 % vs. 60 %, P < 0.001; R0 59 % vs. 26 %, P < 0.01). The median procedure time for ESD was significantly longer than EMR (60 min [30 -195] vs. 36 min [10 -120] , P < 0.01). Delayed bleeding, the most common adverse event post ER, was not observed in our series. The recorded adverse events included laryngeal edema in two patients after ESD and in three patients after EMR followed by one reintubation and one preventive tracheotomy. A subcutaneous emphysema occurred in two patients in the ESD group and in one patient in the EMR group. A pharyngeal stenosis and a dermatitis around the mouth were only recorded in patients in the EMR group. All cases were successfully managed medically and discharged without any further complications including loss of swallowing and speech function. There was no significant difference in the median length of hospital stay between the ESD group [6 days (5 -14)] and the EMR group [6 days (4 -12)].
Histopathological results
All resected specimens were SCC as expected. Histopathological results are shown in • " Table 3 . Of the 115 lesions, 55 lesions were carcinoma in situ and 60 lesions invaded into the subepithelium. Two of those micro-invasive lesions also had lymphatic invasion. The number of lesions with negative, positive, and inconclusive horizontal margins was 39, 28, and 48 lesions, respectively. The number of lesions with negative, positive, and inconclusive vertical margins was 108, 0, and 7 lesions, respectively. Patient clinical course and long-term outcomes
• " Fig. 2 shows a flow diagram for the clinical course of patients after ER. In total, 78 patients (93 %) were followed with the standard course strictly for at least 12 months and the median followup period was 34 months (3 -115). However, six patients including four cases who died from co-existing diseases, and two who dropped out for personal reasons or for treatment of a brain contusion in another hospital, were followed for less than 1 year.
• " Figs. 3, 4, 5 ). All lesions invaded into the subepithelium and measured more than 10 mm in size including one case with lymphovascular invasion detected in the specimen. Additional surgery was performed in two cases and radiation therapy (RT) in one case and the patients survived without any recurrence. The only significant risk factor for LNM was a tumor thickness over 1000 μm (P < 0.005) (• " Table 5 ). Local recurrence occurred in seven patients (8.3 %) with eight lesions a median period of 22 months (10 -45) after initial ER (• " Table 6 ,• " Fig. 2 ). Six lesions were located in the hypopharynx and two lesions in the oropharynx. The median size of recurrent tumors was 14 mm (9 -30). All of these recurrent lesions were previously resected by EMR with en bloc resection in two cases and with piecemeal resection in six cases. In addition, in seven cases, invasion into the subepithelial layer was detected in the examined specimens. Neither lymphovascular invasion nor positive vertical margin were reported, but in all cases, the horizontal margin was either positive or inconclusive. The median tumor size was 6 mm (3 -9) for recurrent lesions removed by ER, including EMR in four cases, algon plasma coaglation (APC; ERBE Elektromedizin, Tübingen, Germany) in two cases, and treated with Table 3 Histopathological results (n = 115 lesions).
ESD (22 lesions) EMR (93 lesions)
Tumor depth, n (%) Epithelium Subepithelium RT in two cases. In the analysis of the risk factors, there was a statistically significant difference in the presence of positive and inconclusive horizontal margins in the group of patients with local recurrence compared to those without local recurrence (P < 0.05). Metachronous pharyngeal SCC occurred in 18 patients (21 %) with 26 lesions a median period of 17 months (6 -50) after initial ER. In total, 22 lesions were located in the hypopharynx and four lesions were located in the oropharynx. The median tumor size was 13 mm (5 -50). The cumulative incidence rates at 3 and 5 years were 17.8 % and 25.3 %, respectively (• " Fig. 6 ). Regarding the treatment of these metachronous tumors, ER was performed in 17 lesions, RT in three lesions and the remaining six lesions underwent extensive surgical resection. Neither tumor-related death nor distant metastasis occurred among these patients. Metachronous esophageal SCC was also detected in 19 patients (23 %) with 29 lesions a median period of 34 months (3 -115) after initial ER. Although 26 metachronous lesions were treated by ER and two lesions by APC is enough because of prior correction. In one case treatment has been postponed because of co-existing disease. No patient died from primary SPSCC, metachronous pharyngeal or esophageal SCC during the follow-up period. In total, 12 patients died from co-existing diseases including nine cancers (five esophageal SCCs, two lung cancers, one tongue cancer, and one cholangiocarcinoma) a median period of 31 months (8 -85) after initial ER. The overall survival rates at 3 and 5 years were 91.1 % and 80.7 %, respectively (• " Fig. 7 ).
Discussion
!
This study confirms the effectiveness and safety of ER for SPSCC using EMR and ESD. Our long-term outcomes included cause of death, LNM, local recurrence, and occurrence of metachronous tumors. ESD yielded higher proportions of both en bloc and R0 resections compared to EMR in the short-term outcomes. All local recurrences were observed in patients who underwent EMR. These results are concordant with previous reports evaluating ESD as an effective and safe treatment for digestive tract cancers. Tumor thickness over 1000 μm and positive or inconclusive horizontal margins were associated with a higher risk of LNM and local recurrence, respectively. Although the long-term outcome of primary tumors was favorable with no deaths caused by SPSCC, 12 patients died from co-existing diseases including nine cases with other malignancies. Several studies have reported that carcinoma in situ has no risk of LNM [11, 12] . In our study, we also showed that there was no LNM in the 56 cases of carcinoma in situ. LNM was observed in two of five cases (40 %) with a tumor thickness over 1000 μm, and one of two cases (50 %) with positive lymphovascular invasion. We found that the association between tumor thickness and LNM risk was statistically significant (P < 0.005), similarly to results previously reported by Taniguchi et al. [13] . Although there was no significant association between lymphovascular invasion and LNM in this study (P = 0.052), the factor tumor thickness over 1000 μm proved to be statistically significant (P < 0.005).
Our study suggests that horizontal positive or inconclusive margins are associated with local recurrence, underlining the impor- LNM, lymph node metastasis; ESD, endoscopic submucosal dissection; EMR, endoscopic mucosal resection; n.s., not significant. Original article E271 THIEME tance of en bloc resections. The larger size and piecemeal resections are equally associated with a higher risk of local recurrence in superficial esophageal SCC [14 -16] . One reason for a high proportion of local recurrence is probably pharyngeal anatomy with a fixed and complex structure that makes it difficult to achieve en bloc resection by EMR. But EMR can adapt for small lesions (≤ 10 mm) in the pyriform sinus of the hypopharynx or uvula of the oropharynx with a good lifting by injection, sufficient space, and a stable field to snare. Meanwhile, ESD is recommended for lesions located in other areas or larger than 10 mm in size for which en bloc resection by EMR can be difficult. Undoubtedly, ESD is a time consuming and difficult technique with a higher risk of complications than EMR [17, 18] . Thereupon, we have to consider the benefits of en bloc resection and adaptation of the better technique for local conditions. Considering the risk factors in our study, we perhaps should pay more attention to local recurrence after ER, especially cases with horizontal positive or inconclusive margins. In our series, local recurrences were detected a median follow up period of 22 months (10 -45) after initial ER and could be treated with organ-preserving intervention, while Satake et al. reported a median followup period of 13 months (3 -24) [19] . Therefore, continuous careful follow-up and monitoring are essential for the early detection of local recurrence. In the case of non-curative resection, guidelines for further treatment are urgently needed. Compared with gastric ESD, gastrectomy with lymph node dissection clearly improves the prognosis of patients in cases of non-curative resection [20] . In the cervical region, HN surgeons can easily dissect LNM as they can be detected early by palpation and ultrasound examination. Extensive surgical resection can cause damage to speech and swallowing functions resulting in a lower quality of life for patients. However, this study shows an excellent prognosis after ER with a 5-year causespecific survival of 100 %. There were no primary tumor-related deaths during a median follow-up period of 34 months. The overall survival rates at 3 and 5 years were 91.1 % and 80.7 %, respectively. Previous studies reported overall survival rates at 5 years as 71 -85 % [16, 19, 21] . According to these reassuring results, it appears necessary to clarify the indications for ER, the curative pathological criteria for ER, and the timing of RT, LNM dissection, or complementary surgery after ER. Pharyngeal SCC is often associated with other metachronous cancers such as esophageal SCC. Our study showed extremely high proportions (94 %) of either synchronous or previous esophageal or pharyngeal SCC [21] . Furthermore, metachronous esophageal and pharyngeal SCCs are respectively detected in 23 % and 21 % of cases after ER, therefore, it appears crucial to follow patients after ER for SPSCC. Continuous surveillance including endoscopy with NBI could detect metachronous pharyngeal SCC at an early stage in all cases. However, some cases could not be treated by ER because of the location close to the larynx or because of previous treatment with RT or surgery with a high risk of stenosis or respiratory issues. Selecting an appropriate method is required for the treatment of metachronous lesions. A large, multi-center cohort study is ongoing to increase our knowledge and to clarify the indications and definitions of curative resections. This study has several limitations. First, it is a retrospective analysis in a single center. Second, depth of invasion, presence of lymphovascular invasion, and vertical/horizontal margins are sometimes inconclusive because of piecemeal resection and/or coagulation. Third, the small number of LNM cases may limit analysis of the risk factor.
Conclusions
! ER for SPSCC is a feasible and effective method and should become the standard treatment based on the favorable long-term outcomes in this study. Tumor thickness over 1000 μm is a significant risk factor for LNM. A positive or inconclusive horizontal margin is a risk factor for local recurrence. This is a frequent occurrence after EMR, particularly in cases with piecemeal resection. Careful follow-up of pharynx and esophagus using endoscopy with NBI is crucial for the early detection of frequent metachronous lesions after ER.
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